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In recent years, considerable progress has been made 
in our understanding of enterohemorrhagic Escherichia 
coli (EHEC) infection and its worst complication, 
hemolytic uremic syndrome (HUS) . However, many 
questions remain unanswered. After the First Sym- 
posium, held in 1997 in Innsbruck, Austria [1,2], the 
Second International Symposium of the European 
Study Group on Enterohemorrhagic Escherichia coli 
founded by the European Community under contract 
no. BMH4-CT96-0970 (DG12-SSMA) assembled 220 
scientists from 18 countries on 16 and 17 April 1999 at 
the Faculty of Medicine and Pharmacy of the Vrije 
Universiteit Brussel in Brussels. The wide diversity of 
disciplines represented-basic scientists, clinical and 
food microbiologists, physicians, veterinarians, public- 
health officials, etc.-demonstrates the wide interest 
and the importance of the efforts that are undertaken 
to better understand pathogenetic mechanisms and 
epidemiology, to improve diagnosis and surveillance, to 
define EHEC reservoirs and to control the spread of 
these bacteria responsible for devastating outbreaks 
counting up to thousands of cases, such as that in Japan 
in 1996. The program included both keynote invited 
lectures and four sessions comprising poster presen- 
tations and round table discussions. The abstracts can 
be found in Acta Clinica Belgica [3] .  
The chairman of the European Study Group, H. 
Karch (Wiirzburg, Germany), opened the session on 
pathogenicity with a lecture about the micro- and 
macroevolution of EHEC. He showed that EHEC of 
serogroup 0 157 had developed from enteropathogenic 
E. coli of serotype 055:H7 that had been changed to 
0157 by a lateral transfer on the @ region, and had 
acquired Shiga toxin (Stx) production, through trans- 
duction by an stxz-converting phage, and the EHEC 
plasmid. Sorbitol-fermenting 0157:H- EHEC strains 
found in Germany and in the Czech Republic could 
represent an early-diverging member of the sorbitol 
non-fermenting 0157:H7 clone complex. The date of 
evolution of 0157:H7 is, however, still unknown. 
By studying the attachment-effacement process of 
EHEC, G. Frankel (London, UK) and colleagues 
recently provided strong evidence that intimin interacts 
not only with the Tir receptor, which is translocated 
into a host cell membrane from infecting bacteria, but 
also-in a lectin-like manner-with a host cell’s own 
intimin receptor (Hir). By investigating the interaction 
of EHEC with histologically normal pediatric intestinal 
mucosa in biopsy samples, they showed for the first 
time that binding of EHEC is restricted to the 
epithelium overlying Peyer’s patches. Deeper insight 
into the pathogenetic mechanisms involved in this 
process could potentially have prophylactic or thera- 
peutic implications. 
H. Schmidt (Wiirzburg, Germany) underlined 
that all known or potential virulence factors of EHEC 
are located on mobile genetic elements: Stx in the 
genome of temperate lambdoid bacteriophages, the 
attaching-effacing lesions on the large pathogenicity 
island LEE (locus of enterocyte effacement), and other 
characteristic determinants, such as the EHEC hemo- 
lysin and serine protease EspP, on the large virulence 
plasmid. These 0157-specific pathogenic traits are 
often found in other (non-0157) EHEC serotypes but 
the complete spectrum is only rarely present. 
The next session was opened with a joint lecture 
by A. Tozzi (Rome, Italy) and I. Fisher (London, 
UK), who underlined the problem of the lack of 
homogeneity of epidemiologic data that hampers a 
detailed analysis of differences between European 
countries. However, certain tendencies have been 
traced. The epidemiologic pattern is quite different 
between UK and continental Europe: in the latter, 
0157 EHEC outbreaks are less frequent, vehicles of the 
infection are often unusual, and non-0157 EHEC 
strains are clearly emerging as a cause of human 
diseases, but are rarely associated with outbreaks. There 
are probably hfferences within continental Europe as 
well: the frequency of EHEC infections seems to follow 
an ascending gradient from south to north; more- 
over, sorbitol-fermenting 0157:H- EHEC strains 
have been reported only in Germany and in the Czech 
Republic. More comprehensive epidemiologic data 
will be collected through Enter-net, the international 
network for the surveillance of salmonella and EHEC 
infections, which is an extension of the Salm-Net 
surveillance network. Thanks to the Enter-net, founded 
by EC DG12 under framework 4, timely exchange 
of information between participants will lead to 
effective public-health activities in Europe and beyond. 
The network includes microbiologists of the national 
reference laboratories and epidemiologists in charge of 
surveillance of the 15 EU countries and Sweden, and 
is now expanding to Japan, Australia and Canada. 
Quarterly reports will be available soon on web site 
-.enter-net.0rg.uk. 
L. B. ZimmerhacM (Freiburg, Germany) 
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presented a pediatrician’s vision of HUS surveillance. 
There is a dramatic need for a standardized definition 
of this syndrome, as the criteria for the renal in- 
sufficiency, thrombocytopenia, anemia and recognition 
of fragmentocytes vary considerably, depending on 
different published studies. Comparisons are further 
hampered by the inclusion of ‘incomplete HUS’ cases 
in some studies. An increase in the awareness of 
clinicians should lead to the improvement of the 
prognosis of HUS that can lead to death or survival 
with severe sequelae. In particular, the role of early 
dialysis in removing circulating toxins and of anti- 
biotherapy should be addressed. In Germany, HUS 
notification has become compulsory in 1999. 
A. Allerberger (Innsbruck, Austria) summarized 
12 posters presented on the epidemiology, surveillance 
and clinical problems of EHEC infections. The round 
table moderated by G. Rizzoni (Rome, Italy) further 
illustrated some of these points. The importance of 
non-0157 EHEC as a cause of human infections 
appeared in a number of papers; for instance, 0 2 6  was 
found to be the second most frequent EHEC serogroup 
after 0157 in three surveillance studes ofHUS. Other 
important serogroups are 0111, 0103 and 0145. 
The difficulties of maintaining efficient surveillance of 
HUS over the years as well as of isolating non-0157 
EHEC strains were stressed. The importance of the 
electronic exchange of information such as that 
through the Enter-net was underlined. In addition, 
electronic access to the International VTEC Club 
hosted at the Istituto Superiore di Sanita (Rome, Italy) 
on www.iss.it/centri/vtec/vtec.htm was mentioned. 
In the session on the diagnosis of EHEC infections 
and detection of EHEC in clinical microbiological 
laboratories, J. Bockemuhl (Hamburg, Germany) 
summarized 22 posters devoted to this subject, and A. 
Caprioli (Rome, Italy) moderated the round table. It 
is evident that, although a lot of work has been done 
to improve the isolation of 0157 EHEC strains, the 
urgent need now is to focus diagnostic efforts on the 
detection and isolation of non-0157 EHEC strains. 
However, the techniques presently available are too 
expensive and labor-intensive to be used on a routine 
basis except for HUS cases. Several papers dealt also 
with human antibody response to EHEC antigens. 
The next session concerned typing and charac- 
terization of EHEC strains and was introduced by two 
key lectures. F. Grimont (Paris, France) showed that 
ribotyping completed by automatic identification of 
patterns could potentially replace serotyping. D. Pihtard 
(Brussels, Belgium) showed how verocytotoxin variants 
can be identified by PCR-restriction fragment length 
polymorphlsm (RFLP). This technique can be used as 
a complement to other typing methods for subtyping 
of strains clustering in one group and as a marker of 
virulence of some isolates. H. R. Smith (London, 
UK) summarized 15 posters, and H. Schmidt 
(Wurzburg, Germany) moderated the round table. A 
wide range of EHEC typing techniques is available: 
phenotypic methods-including serotyping, phage 
typing, colicin typing, antibiotic resistance patterns, 
OMP patterns, LPS patterns and multilocus enzyme 
electrophoresis-and genotyping methods-including 
plasmid profiles, RFLP methods such as ribotyping and 
virulence-associated gene typing, macrorestriction 
techniques (pulsed-field gel electrophoresis), PCR- 
based methods (AP-PCR, PCR of virulence genes, 
sequence typing) and multilocus sequence typing of 
housekeeping genes. For studies of the relatedness of 
strains isolated from sporadic cases or during outbreaks, 
as well as for the characterization of virulent clones, it 
appears necessary to combine several of these tech- 
niques, in a hierarchical succession. A thorough study 
is needed to select the most effective combination of 
techniques. 
The last session devoted to EHEC in animals and 
foods was introduced by four key lectures. E. de Boer 
(Zulphen, The Netherlands) focused on the impor- 
tance of animal reservoirs as a source of 0157 EHEC 
infection in humans. The carrier rate in bovines in 
farms was studied over long periods of time. Factors 
leading to the carrier state of EHEC in cattle are 
complex and are only partially understood. The farm 
environment (water, feed, flies, concomitant animals 
such as rats) represents an important reservoir. E J. 
Bolton (Preston, UK) presented bacteriologic tech- 
niques available for food microbiologists. Most of them 
focus on serotype 0157:H7, but there is a need for 
effective and reproducible techniques (including media, 
enrichment conditions, temperature, etc.) for detection 
and isolation of other serotypes. For instance, immuno- 
magnetic beads for the detection of the most frequent 
non-0157 EHEC serogroups would be particularly 
useful. In the UK, E. coli 0157 is now classified as a 
category 3 pathogen, and positive samples must be 
handled in containment level 3 laboratories. M. R. 
Uyttendaele (Ghent, Belgium) presented the mole- 
cular techniques used in food microbiology, empha- 
sizing their specificity over classical methods and the 
need for optimization of their sensitivity. The small 
volume used for molecular techniques can be a 
limitation. Techniques can be designed for non-0 157 
EHEC strains as well, but because many strains are less 
pathogenic, it needs to be clearly defined which strains 
must be screened for. D. Statham (Leicester, UK) 
highlighted the legal aspects of EHEC in foods, 
underlining the lack of legal requirements. The only 
obligation is to limit the risk of contamination. There 
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is a lack of training and licensing of food professionals, 
who often do not know which mechanisms lead to the 
EHEC contamination of foods. Finally, there is a need 
for education of consumers regarding ths  problem. 
L. H. Wieler (Berlin, Germany) summarized 20 
posters devoted to EHEC in animals and foods, and 
G. Conedera Pegnaro, Italy) moderated the round 
table. It was shown that, with the use of efficient 
techniques, 0157 EHEC could be isolated tiom cattle 
in all countries under investigation. The same seems to 
be true for other ruminants. In addition, other animals 
living in farms can occasionally carry this serotype. The 
emphasis should be put on identification of risk factors, 
thus allowing the design of procedures that would be 
able to diminish contamination of foods. Aspects of the 
control at the farm, slaughter and food-processing 
levels were discussed. Although total elimination of the 
risk seems to be unrealistic, specific measures can be 
taken at each of these levels in order to limit con- 
tamination. Optimal hygiene at all stages is the first and 
essential prerequisite. Finally, risks linked to direct 
contact with animals and to the consumption of 
untreated water as well as to swimming water were 
evoked. 
In his concluding remarks, €3. Karch thanked all 
participants for their attendance and active contribution 
to the Meeting and stressed the great progress that has 
been made in all fields of EHEC research since the First 
Meeting in Innsbruck in 1997. He underlined the 
urgent need for further escient monitoring of EHEC 
infections within the countries of the EU through the 
network, as well as for the extension of the network in 
other European countries. Such an approach will allow 
us to create a broader European epidemiologic database 
and to follow the efforts to survey and control EHEC 
infections in Europe. This is finally expected to result 
in implementation of effective measures to prevent 
human infections. Despite the great progress that has 
been made in understanding various aspects of EHEC 
infections, additional research is necessary to solve new 
emerging questions. 
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